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(54) Hybrid ve^ 

-invention -ir>cludiBs. a- clutch nrK>t6r;(30);-:an;,ass*st;mq^ 

:(4P):-ahtf:a--?^^iii^J^^ 

''m6tori(30)^arkJ(t^^ V3-i}^::-':^:sS^;v-^i?b^ 
{30) ■ includes 'aFi^ute? : r^^^ 

' t56) 'Off ■ a:ga»liS#f ^i|fin^ "^^^-^-^ 
connecting wfttfM drive st?^ 
incfiides a r6fer;(42y 
(22); When the^lnesWOai 
than an allowabje W^ 

the controller (80) controls is first^ circuH (91) to 

enable the clutch motoir (3d)^to caily but'tf^^^ 
operation and apply a first torque to the drive shaft (22) 
in the direction of rotation of thfe drivei sfraft (22): the' 
control CPU (90) concurreiitiy cttntfols a s&oirid drivihg 
circuit (92) to enable the assist tb' carry out 

the regenerative opear^tion^nd apply a setond torqueto^ 
the drive shaft (22) in the reverse of the rbtatibn of the 
drive shaft (22). The second torque' is siiSstahtially 
equal in magnitude but oppbsite in direction to this first 
torque. The electric power regenerated by the assist 
motor (40) is supplied to the battery (94) tb 'si^Wrheht 
the electric power of the battery (94). The power output 
apparatus (20) of the invention can thus make the 
torque output to the drive shaft (22) approximately equal 
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In accordance with another aspect of the present invention, the first power output apparatus further corr^rises: 
storage means for storing electric power; and wherein the control means comprises means for coritrolling the first 
motor-driving means to supply the electric power stored in t^^ 

first motor, and controlling the second motor-driving means to supply the electric power stored in the storage mearts to 

5 the secorxJ motor in order to activate.the second motor. 

This structure can make the output torque of the drive shaft approximately equal to zero while driving the first motor 
and the second motor with the electric power stored in the storage means. This structure consumes the electric power 
in the storage-means and is thus suitable for the cases that the storage means has an ^cess residual capacity of elec- 
tricpower. ' ' 

10 In accordance with still another aspect of the present invention, wherein the control mear^ comprises rneans for 
controlling the second motor-driving means to enable the second motor to regenerate electric power, and controlling 
the first motor-driying means to supply the regenerated electric power to the first motor in order to activate the first 

motor . -Voi' A-- ^ '-■■^ ■ ^" ■ .: ■ i--.::.:- . - : 

This structure can rnake tiie putput tpfque of ti^ approximately equal to zero: The electric power i-egen- : 

75 erated by the second motor is primarily consumed by the f irst motor,,while the remaining electric power rn^y be used y 

for ariother purpose.. -r : ; -vV-:^ ■ ■ -'--^ yy - ~ ^ r^>V'':v.v ^--.'^xVl^^V-V:'*- ^ 

In accordanpe with stiil ahpthe^^ 

storage means to^^^^ electric ppwen.ai^ wherein\fl^^^^ rpeans comprises means for^^con^plling the first V; ^ y. 

motor-drivingl meari© tp^^w nrotor to. regenerate,^ and corrtroiling the ^econd motpr-<lriy|ng^^^^^^X: ^ - 

20 means to supply fee regenerated,^ stored in the storage nneans to the s^orid irotoi-.v^:^ ; 

Jn order to activate. the;second '.•'•^--^••=/-: • iv- z^-:^ ■■■■ ^. y^-^^ v'--^^ \_.y^:-i'-y~\\^. 

This structure can pu^ut torque of the drive shaft appraxinriately equal to zerp. The second motor Js^ V; /: > ; 

driven with the electric power istored in the storage means as well as the regenerated electnc power. ^^TO 
sumes the electric power in the storage rnears and is thus suitable for the pases that the storage means has an excess , 

25 . residual capa<?rt/,qf -electpc powe^^^ ■ . \^<-'-' ^ .y-: \ ': ^■-r V'^'^.r^ 

According to anpther^ apparatps for outpuffiiig power to a ; - ; 

drive shaft cqrjiprises: an jat>gine having aaoi^ and appl)^ oiUput shaft; a fii^t rrxrtpr (pm^^^^'/Jy^^^y^, 

prising a firstrjbfbr .coriri^ rotor connec|ed with the shaft, the ;i ' V 

second rotor being coaxal to and rptateble rielative to the f irist rotor, the f irsl and seconci rotors being ^e<^oragiieti- ■ ; ^ : , ■ 

30 cafly coupled wfth each, p^^ between the output shaft of t^^ arKJ the fdirive ste 

via the electronriagnetik;^^^ r 
rents with the first nrotor to vary frie electromagnetic coupling of the first rotor with the secon^f rotor;, a^second m 
comprising a statdr and the steto beinq^ e^^ 

the third rotor; the, second 

35 ing electric ci^r^r^^^wit^ motpr tp^va sj^J^i^y^'lvflJ^ll"^ 

control meani ipiriiSnj^jr^^ t|^^&^nn«Mpr^ up. th^^i^^^rgljDr W i& 

. . . : :;:^ecpf>d.rok)i^^^^ix^g^ 
;::r:':;^v^;^;stai^ 

:iectric.pw^^^ 
■ . 40 ^ :,->--The struci^^f^ 
equal to zefo^^jj^hil^;;^^^ 
■V.";' cases requirihg^adtlftro 

According^foJ^ill ain^ 
drivfe shaft cornpf^seis: ah e^ 

45 shaft of the engine and a second rotor connect^ with the drive shaft, the second rotor being coaxiaLtq and rotatable ■ y ' - ^-^i:; 

relative to the firstrptor> the first a^^ rotors being eloctromagnetically.c^^ with each other, :>^^ power y 

is transmitted betweeattiepu^ shaft of the engine and the drive shaft via the electroiragne^^^ ar^ : 

secorud rotors; first rnQtpr<lriying means fw^ 

coupling of the firet rotor with t^^ 
so drive shaft, the. stator being electrbrra^ coupled with the third rotor; second motor-driving means for e)a:hang- 

ing electric currents wHh the second motor to vary the electromagnetic coupling of the stator with the third rdtpr ;^torage 

means for storingvele^rip ppwe^^ 

lock up the first rotor relktive tp ^^ V : 

rotate with the drive shaft in a substantially integ-ai manner, and.contrpliing tiie second nrator-driving means to supply; 
55 the electric power stored in the storage means to the secorKi motor in order to activate the second motor and ttiereby 
make the second rTwtprjapply a torque fo 

In th third power ouj^jut app^ invention, the (^rrtrd means oontrpls the first motor<Jriving 

means to electromagneticaljy lock up the first rotor relative, to the secorKl rotor of the first motor and thereby allow the 
output shaft of the engine to rotate with the drive shaft in a substantiaity integral manner. The control means concur- 
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first and second rotors being electromagnetically. coupled with each other, whereby power is transmitted between the 
output shaft of the engine and.ttie drive shaft via the electromagnetic coupling of the first and second rotors; a second, 
motor comprising a statpr and a third rotor connecting with either one of the drive shaft and the output shaft of the 
engine; driving conditiori detecting mean^ for detecting a driving condition of the transportation systerh; and control 

5 means for, wheri the drivirig condition detected by the driving condition detecting means represents a predetermined 
state, controlling ..the er^gine. tfie first motor, and the second motor to nnake a torque output to the drive shaft approxi- 
mately equai tozeixx 

This enables the cunrent driving coridition to be maintained. 
According to still another aspecl of the present invent^ 

10 a drive shaft cortprises: an engine 

and a second rTK?tor connected vvith the/otating stiaft; wherein the engine produces n:^fchanical energy t;ansrnits 
the mechanical energy to the rotating shaft;, the first mptor^ converts part Pt P^^P^ianf?^':©'?^^^^ tiransnriitted via the ^ 
rotating shaft to electrical energy while transmits jttie residual mechanical energy to jhe second nrrator; and the^ 
motor convefts.the mechanical energy without trails^ any 

15 mechanical energy Iptte^nyes^ y:^- :irJ:^l'-'-: . '[ -.^^.^^-.-y/r ■ . 

This structure. vvhich<^ eilectrijcal:^ergy y^^^ the first jrp^^ : , . 

and the second moton fe especially suitable ^or the caises requiring a large niass of electrical energy^;^^: /^ ^ ; ^ - / ??: 

According to still arpther ^ipect of the p^^ T 
cal energy as power to a drive shaft. Wniprises yiath^BTOta^ng ste f irst nrtotor cp .; 

so the rotating ^}aiPt; a se<x)n^ 

wherein the first motor converts the el^^^ energy supplied > 
rrrts the sum of the mechanical energy converted :frorr» *^^ ^ 
second motor to the rotating sii^ifltiesecprid^^m^ converts the dectric^ 
mechanical energy and transmrts t^ 

25 to the drive shaft; and the erigine cprWerte, t^^ *t^6 "^ting shaft jp^ J.; 

energy.; . "::v v-V " ^^^i^->V^ ''^^'.vv- • --i:^^'".'" ■ 

Tha structure of the .eighth, pow0r output apparatu^ cloes not transrrut any mechanical rtsnergy^ > ; 

thereby enabling the pulp^ut torque 

the storage means; is.cpr^^ertedl^ - ; ^ 

30 elec^ica! energy Stored in &ie Storage ^m^ : -^-'^ 

;■ has excess electrirai.ene^ ^:/[lx^'^:i,^-{^:i r :-;.;v .-v-c'-\^:\-^"^v\>":%-:.i-^^-;;^ 

Accorcfing^ ^tHI;g 

energy as power tqJa Br^ ^ : 

rotating shaft; arid a second nfKrtor conneded^ , - 

35 transmits the,meehaoic^.e^i^ 
ond nrKJtorto rcigdl 
:ancl1herTiedte|i^le^yt^^^ 
;v-; ^Irhech^kjailenen^S^^ 
- -t- thei.<±iVe^i^:p^ 
4o : ' ■ ■ :;liie-struciji^^ 

; ■;■ :therefcyy- enalaj^j^Cj]^ . 
ot3tained by the $^^ 

_ ■ : energy. rhay be^M^pd^^ apc^rdijf^ - ' T 

According to'^llar^^ 

45 energy as power ,tb;^:drW^^ stiaft.corngrises: an engiiie cphnecte^^ pPnr^j^e^^;^^ 

rotating shaft; a second motor rannected with the drive shaft; arki storage means for storing electric^ eifiergy^ . 
the first rnotor cpriyerts p^rt of nniechanie^ 
electrical energy to the secord rnptpr.^and^^t^^ 

motor converts the electrical energy supplied from the first motor and the electrical enisrgy supplied from the storage 
so means to mechanical eriergy, and transmits the mechanical energy to the first rnotor witfto^^ 

ical energy to the drive shaft; and the engine for converts the mechanical aiergy transmitted via the rotating shaft to 

another form of lenergy^-^^v .,; y... ■■ / v-v.^'-.^-^;, i<^^^w,/.ir " ,';^;:(ii-r'^'o* . 

The structure of the tenth power output apparatus ctoes not transmit any mechanical energy to the drive shaft. 

thereby enabling the output torque of the drive shaft to be approximately equal to zero. The electrical energy stored in 
55 the storage means is converted to mechanical energy arxi then to heat or another form of energy. T^^is cJecreases tiie 

electrical energy stored in the storage means. This structure is especially suitable for the cases that ttie storage nrieans 

has excess electrical energy. 

The above objects are ajso realized by a method of controlling a power output apparatus for outputting power to a 

drive shaft. ;. ^ ^ 
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Fig. 4 shows torques appOed to the drive shaft 22 and the crankshaft 56 of the power output apparatus 20 of Fig. 1 
in a first arrangement of operation; 

Fig. 5 shows torques applied to the drive shaft 22 and the crankshaft 56 of the power output apparatus 20 of Fig. 1 
in a second arrar^gement of operation; 

Fig. 6 is a flowchart showing a control routine executed by the control CPU 90 of the power output apparatus 20 to 
enable the vehicle to fall in a free running state under a normal driving corxJition; 

Fig. 7 is a ftowchart shewing details of an electric power-supplying process executed at step S32 in the flowchart 
of Rg. 6; 

Fig. 8 is a flowchart showing details of a control process of the clutch motor 30 executed at stesp S38 in the flowchart 
of Rg. 6; 

Fig. 9 is a flowchart showing details of a control process of the assist motor 40 executed at step S40 in the flowchart 
of Rg. 6; 

Fig. 10 is a graph schematically illustratihg an amount of energy regenerated by the clutch motor 30 and that regerv , 
erated by the assist nnptor 40 in the first arrangement of operation; 

Fig. 11 shows a flow of energy between the gasoline engine 50, the clutch motor 30. the assist. nri9tor 40i andr^^ 
battery 94 in the first arrangement of operation; 

Fig. 12 is a flowchart showing details of an electric power-consuming process executed at step S36 in the flowchart 
ofRg-6; ■••■y-v -^..^v:/;-- - . • ■ 

Fig. 13 isi.a giBph .skjheTO energy coriyerted by the dvtch nrKrt 

verted by: th€| assist nriqtor 40 Ini^ of operation; ^ i^^ v > r : : ; , ^ v. ^ 

Fig. 1 4 shows a flow of OTe arxi the c 

battery 94 in the. : : ^^^^^^^^^^^i':^ . ^ ^; \ v^^^^^ : i vi => 

Fig. 1 5 is;%f towc^ step. S34 in, the f tow- ^ ; 

chart of l^g-;^^;:^^<Jv^i■^^^\^^w v^irvv-^^^W^-c" y.vv^^="-" h^:^^ inii^z .r^ ::.^.:>v'-:-v? ^ 

Fig. 16 is aif IpW C(?U 90 of the- power, ou^ut a^^ 

-to er^^1|i^(^^ 
to^m^pr^^|ir^ei^^ 

Rg: 1 7 is a^giiph 
. erated-by.ijie;a$s^iTT^ 

Rg. IB shows a floyy of-en^^^^^ 

battery 94 in the fourth arrangement of cperati „ , - : \ - . - / i 

Fig. 19 is a flowchart showing details; of an electric power-consuming p>rocess executed at step S76 in the flowchart 

ofRg.16;.... y- r-^ ,v ..y^ " 

Fig. 20 is a graph scherroticallyjllustrating a^ amount of; energy, regenerated, by the elutchmotor 30 and thatxpn- . 
verted by the assist motor. 40 in a^^ 

Fig. 21 shows a flow of energy between the gasoline engine 50. the clutch motor 30, the assist motor 40. and the , 
battery 94 in the.f|fth arrangeme^^^ a . .. . , , 

Fig. 22 shows torques applied to the drive shaft 22 and the crankshafti 56 of the power output: apparatus 20 in a 
sixth arrarigenrierrt of operaition as a third errt)^ ^ ^ 
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As shown in Rg. 1, the clutch motor 30 is .constructed as a synchronous motor having permanent magnets 35 
attached to an inner surface of the outer rotor 32 and thriee-phase coils 36 wound on slots formed in the inner rotor 34. 
Power is stpplied to the three-phase coils 36 via a rotary transformer 38. A thin laminated sheet of nori-directional elec- 
tromagnetic steel is, used to form teeth and slots for the threeiDhase coils 36 in pe inner rotor 34. A resofver 39 for 

5 measuring a rotational angle ee of the crankshaft 56 is attached to the crankshaft 56. The resolyer 39 may also serve 
astheangleserisor78rrpuntedonthedistrib^^ . 

The assist?nrK)tor 40 is also constructed as a synchronoi^ motor having threeiDhase coils 44, which are wound on 
a stator 43 fixed to a casing 45 to generate a rotating magnetic field. The stator 43 is also made of a thin laminated 
sheet of non^Jirec^tional electromagnetic steel. A of permanent magnets 46 are attached to an outer surface of 

10 the rotor 42, In the; assist rnotpr interaction between a nrwigne& field formed by the permanent rnagnetS;46 aod a 
rotating rnagnetic;f iddiprn^ by ttie three-phase cpiis 44 leads to rotation of the rotor 42. The rotor 42 is mechanically ^ 
linked with thajdnyej shgft 22 working as the torque^ putpu^^ shaft of th^ power output apparaitus 20. A resolver 48 for 
measuring a jotatipnal angle ad of thadrive sh^. 22 Js attached to the drive shaft 22, which is further supported, by a 
bearing 49 held in the casirig 45. 'V>:^ ; 

15 The inner rptpr .34 oitthe di^ch nrotor^ fe mechanicaM^^ rotor 42 of the^assist m6tor.40 aind further 

with the drive ?tt^fti^. Whe^ the rptation ^nd ja^cial torqu^^^ the crankshaft 56 of the gasojihe engine 50 are transmitted • 
via the outer rc*^ ^'^ JoW^^y. **?® '^*'^''^'^r*^ - ^ 

added to orsfiibftracS^^^ y:t ''-'^^'---:'-'^''':rr--^^^ i-; 

WNIe the assist nriptbr 40 is cbnstrucited as a cprw^ento peirniaijient magnestTtype threerphase synphroniDus : 

so motor, the clutc^i motor 30. in^^ outer rptior 32 with the permanent mag-^^;^; 

nets 35 and the, inner rp^ the ;three:rph6ise:TO Tlie detailed strurt^ 30 ii^ descrit>ed^ - 

with the dro^SiSecti^p^ dutch motor 30 is attached to a pirqji^ 

a wheel 57 s^^.arpun^^ cranksh^fi 5^ a screw 59b^^^ 

wheel 57 is prpfruded to fo whi^.the inner rptatably attached by m 

25 37AarKi37B!rOneei^ ^ > . t : ; V v " r , , 

A pluralityibf permahe^^^ attached to the inner-^^^ of the outer rotor i 

32 as meritipiged -pi^w dirjBClioh tpy*«rd^^ the axial center of jBie f 

clutch motor|M3;:,ari(jt^^ The tfiree:Rhasp cp^ 366f the! in^ 

34 facing to t^.permarier^^^ 

30 inner rotor siijSuppJ]^ ipf ^ ^esf^Bjiit^ ct^ls|ci^n|5 nr« rur^ing^thitjugji llie teetiTj(n<^^ 

which separat^fcesiots^^^ 

this niaghetic.fi€^d.;^Rve4J^^ i^^^S^^Rwers^ 
former 38. Thet.Vq^ry^trans^ 
attached to the^driv^ 

35 transmittedf --'"^ '"-^^ r,ri^^^ ^l^^^^u^^:^.,^^::^^^ r,c^ — a tk>. *r^^^r«hi^^^ v 

windirigs for 1 
>;intej^dkw^ 
:;--&^.-he6c;.fiekjfl 

.■4o:.;eraiy^eqii4ife^^ 
: necied^the^g^i^^ 

■ the outer rbtc^gain^ ....... ^ .-^ ..^ ^.^ ■ _ - ............ 





40 wiU be described;! 
As nrieritiGnecfcJi 

45 Referring bac^tctpg^l^ 

ing drcurt 92 ^D^d^iv^^ assist rncftpr4^ sacprid dirh^^ 

and 92, and a,^ttery ,!?4;indti3^^ Tlie cbnW GP^ PQ^'S a oneqChip.rnicrppjnDk^^ 

includir^g a RAM QOa usedja^ a working menr»pry, a RpM SHCto in^ w^^ ciphtrol programs are storjed, ani input/but- 

put port (not shown);, and 

50 the EFIECU "^^IJlTie^ 

rotational angle^e.e pfih^^cra^ $9. arptatipna! angle e^pf the.driye 

shaft 22 from the res^^ pedajjpi) froiT^^ 

accelerator pc^tipn^ser^pr 65. a gearshift pp^^ s?"spir,84,: clulc^.rrwtor.ojrjr^ 

and Ivc from two ammeters ahd 96 in the first driving drcuit 91 . assist mplpr <xirrertS|lua^^ frqip ihwo.ariy khi^ ; 

55 method: for exarr^le. by measuring the^^^s^ ari,eleK::trp!ytic solution Jn^^^^ battery 94 brthe whole wei^^^ 

of the k>attery^, by oprr^^ s^T^rt- ^ . 

drcurt between tej^^riaJs.pif^^^ irrternal, resistance ag l;^: ■ : 

The controLCpij ^ pi^ driying six transistOTs Tr1 through Tr6 wprkihg as swrtchihg 

elemerrts of the first driving drcuit 91 and a second control signal SW2 for driving six transistors Tri 1 through Tr16 work- 
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Fig. 5 shows torques applied to the drive shaft 22 and the crankshaft 56 of the power output apparatus 20 of Fig. 1 
in the second arrangement of operation. As mentioned previously, both the clutch motor 30 and the assist motor 40 are 
controlled to implernent the power operation in the second arrangenrient of operation. The crankshaft 56 receives a 
torque Tc produced by the clutch rndtor 30 in the direction of rotation of the aankshaft 56. Since the torque Tc acts to 

5 enhance the rotation of the crarikshaft 56. the gasoline engine 50 exerts an effect of engine brake. The crankshaft 56 
accordingly, receives a frictiori torque Tef produced by the gasoline engine 50, which is equal in magnitude but opposrte 
In direction to the torque Tc. The drive shaft 22, on the othbr hand, receives a torc^e Tc produced by the dutch motor 
30 in the reverse of the rotation of the drive st^ft 22^^ well as a torque Ta produced by this assist motor 40 in the direc- 
tion of rotation of the drive steft 22. Tlie tprc^e Tc aiFplied to the drive shaft 22 by the clutch motor 30 is opposite in 

70 direction to the torque ta apiplied to the driye sliaft^^ oVthe tprqye^^ 

Tc is identical with that of tiie torque Ta, the torques tc arid Ta. cancel .each other on the drive shaft 22. TKe oi^ 
torque Td.of the drive shaft ^2 thUs becprnes substantially e^^^ to zero. Like the first arrangement of operation shown ; 
in Fig. 4, the tbrgue Tc of the clihch ^plikl tp the d^^ shaft 22 is a reaction of the tbrtjue Tc applied Btt 

crankshaft 56 in^l^^e second^a^ . ; ! - v : /f- c.r/:^''''^ ■ 

15 When the residual capadty BRM of the battery 94 is determined to be within the allowable range, the control CPU , 
90 controls the first driyirig circuit 91 arri fl} to preverit electric curre^^ froni flowing through. 

the three-phase €x?iis 36,pf the d 

corresponds to a third arrarrgernent of opera^^^ : . 

of the outer rotor 32 vvrth the^j^^ 
20 42 vwth the sl^tpr 43 in the assist motor 40. . Under such cor^itions, nbtprques^ar 
the clutch rrx>tor 30 or the assist motor 40, the outj^rt tPrque td of the drive stefr 

to zero. . - , ■[.■,:■:, ^ - rr,.-: ■ ... /r'^^'''-\,.r'i<-'''- 'V-'-.;:V- ? >V,;.-i'= 'V¥5^---;?-5 ' ; • •• > U-^^ " ^- -'^A 

tt is* however, not required to conpleteiy cut off the elertrornagneSaraupli^ 32y^jheJipher^^ '; 

rotor 34 or the same of the. rptor 42! with tl;ie stator 43. as long as praptic^l di^P^ s^*®* ^y*?^'^^ ■ " 

25 electric currents may flow through the three-phase coils 36 

assist motor 40 to maintain the weak coupling, as long as substantially no torques are applied lo tiie driye shaft 22 by 

either the .dutch motor 30 or the assist nrKrtor 40. 

The vehicle falls in a free running state when the output torque of the cJriye shaft 22 is made stdDstantially equal to 

zero as discussed above.- ; 
30 The follovwng giy^ detailed description of the, control prpcedu 

ning of the vehip||B when the vehicle is in a nornrial driving state > i 

is Iciwer than that pf^the 1^ 56,of the gasplniie e^ cqntrplroc*^ 

cuted by the qontipl C cpntrc^er 80 to e^ia^ 

driving corxiitipri. VSmen th^^^ c»ritix>l ^?P^ 

35 the drive shaft,2S;fft stefivS^^ 

ed ofthe drive;,siiaft22j;!^ 
At subsecit^^ 

; of the accelei-ktbryf^^ 

40 ' shaft 22) whiclvthexW>^ 
equal to zero: Jlie^ 
■ zero)^represeSiithe 
tain the currenj dw 
requires free running otthe yeW 

45 step S26 for thefree runriing cbntrcrf. 

the pro-am determiries that the driver does not require any fr ee m^^^ rPii^ 
tine. ' -y'.^ 

At step S26, the control CPU 90 reads the residual capacity B.RM of the battery 94 from tiie r^jdua! edacity rrieter 
99. The input residual capacity BRM is compared with an aJlowable minimum value Bmin at step S?8,and sutisegu^^ 

so with an allowable maximum value Bmax at step S30. The residual capacity BRM of the battery 94 has an allowable 
range. The life of tine battery 94 may undesirably be shortened wrhen the residual capacity BRM is kept out of the allow- 
able range. In this embodiment, the allowiat>le minimum value Brr^n and the allowable maximum value Bmax are previ- 
ously set as the mininrium value maxinuim yalue^ c^^ range,. ys(herith^ 

than the altovvaWe. nnunin:ttjm f irst arrangement of operation is seiecte^^^ enaWe i^th the ;: 

55 30 and tiie as&st motor 40 tp^rarry otrt the regenerative operation and supply the regenerated elec^ic power to the bat- 
tery 94. When the residual BRM is greater thari the on the cpnfrary, the sec- 
ond arrangernent of operation is 1^1^^ 

power operation and consume the electiric power stored in thei lMittery 94. The residual capacity BRM ^o^ 
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assist motor 40 by interrupt processing, while transmitting an instruction to the EFIECU 70 through communication to 

enable the EFIECU 70 to control the gasoline engine 50 concurrerrtly. : 

Fig. 8 is a flowchart showing details of the control process of the clutch motor 30 executed at step S38 in the f bw- 

chart of Fig. 6. When the program ertters the clutch motor control routine, the control CPU 90 of the. controller 80 first 
5 reads the rotational angle ed of the drive shaft 22 from the resolver 48 at step.S112 and the rotational angle Ge of the 

crankshaft 56 of the gasoline, engine 50 from the resolye^ CPU 90 fhen computes a relative ; 

angle ec of ;the drive shaft 22 and the crankshaft 56 by the equation 

The program proceeds to step S118» at which the control CPU 90 receives data of clutch motor currents luc and 

Ivc, which respectively flow! through the U phase arxi V phase of the three-phase coils 36 in the dutch motor 30. from 
10 the ammeters 95 and 96. Altfpugh the currents na^ . 

is required only for ttiie.currents passing through the two phases since ttie siim of the currents is equal to zerp. At s.ut>- 

sequent step Sl20, tf»e control CPU 9p execirtes traTO^ 

tion) using the values of currents flowing through the three phases obtairied^ at^^P S'* ^^-: The transformation of 
coordinates maps this values of currents f k>wing thrpugti the three phases to 1^ yaiues of currents passing through d 
15 avid q axes of the permanent magnet-type synchronous rrrator and is executed ^ccbrdir|g to Equation (1 ) given below: r 

. " : rldcn_ y^r-sin(ep - 120) sin 9c^d^ : ; ViV 7- 

The transformation of coordinates fe^ carried because the currer^^^ through the d arid q axes are esseoT 

20 tial for the torquie control in the permanent nriagne1:type synchronous motor. Alternatiyej^ torque control rriay be- • 
executed dirertly with, the currente fto^ of two ; / 

axes, the control CPU, ,90 compirtes deviations.crf qjrrents Idc k^c actually flow 

cunrent commarxJ. values Wc* andv^qc^ of the.respei^ axes, which are calculated from the tprcjue corrinriarKl value Tc*^ ^ 
of the clutch niptor 30; and determines voltage cornmiarKl values Vdc ar)d Vqc for the d and q axes at step £f122; In ; 
25 accordance with a concrete pi-pcedure, the control CPU 90 executes operations following Equatibr*s (2):ancl; Equatiphs ; 

(3) given below: .y;..\.-,./;.0 ^ ■ v---- '■ ' y v;^- -r -'-\'-'yr:''M ^'-'-'H^/ V 

30 ^^^^ V^^^ 

wherein Kp1 , Kp2, Kil , and;Ha2 rejxesent cpeff iderrt^^ PlPtOf V ; 

applied: -r^ .;v/:-^'-:>^^V -''"^ ^-/^^-^C'^'- >J^;'-- V '' Jr. ./iorr- .it^i- 'V^i'. 

The voltage, cpmnria^ P?j1 in proRPrtionip rte^d 

35 value r (first terrp in nghl side of Equation (3^^^^ histprij^ .data^pf the deyiatior^^^^ (sec-, • ; 

end term in right side): TTie oonfrbr CPU 90 then re^trarisfbnrns the cobrdiriates of the voltage commahd values thwus 
, \ obiairioJ (tw^pt^ jrf*e:tiBn$fc>r v. ^ 

= executed at^^^^^p^ 
,y. \ . "^;:;Phase cbil!5;3§^ 

45 The actual vprtage control is accomplished by, pn-<)ff pp^rationiGf ti^ fransistbrs Tri through Tr6 in the first driving 
circuit 91 . At step SI 26/ the on- arid off-time of the trans^^ Tr6 in thefirst driving drcurt 91 PWM (pulse . 

wkfth modulation) contrdled in order to attain t^^^ and Vwc determined by Equ^^ 

(4) above. This process er)afc)les the clutch motor 30 tp meciianically transmit tibe target torque to the drive shaft 22. 

Fig. 9 is a fkwchajl shp^^ the qontrpl proc§?s^.<^^^ assist inotor 40 executed at step S40 in the flow- . 

50 chart of Fig. 6.: VVphen.tti^^^^ the a^st nrjotpr ODritrol routine; the control CPU !90 first reads the rptatiprial 

angle ed of the drive shaft 22 from tt^^^ resolver 48 at stiejqi^^ data pf a^ist motor currents lua and Iva, . 

which respect^r^y f Ipwihrougi) ;t^^^ phase and-^^pfl^ three-phase coils 44 in. the assist motpr 40. frpm the 

ammeters 97,and,?8 at slep.Sl42. The contr^plrCpU M;ttert ex^^ currents of 

the three phases at.step, SI 44. confutes, ypHage cpmrrand yal^ Vda arul Vqa at step S146.. and executiss inverse^ ; 

55 transformation of coordinate for the voltes At sii>sequent step S150. the cpntrpi CPU 

90 determines the on- and off-time of the transistors Trl 1 through TrI 6 in the second drivirtg circuit 92 for PWM O^ulse 
wridth nrxxilulation) cpnlrpL The processing executediat steps SI 44 through S 150 is s^^^^ executed at steps 

S120 through S126 of the clutch rnotor control, routine shown in the flowchart of Rg. 8: 
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In the second arrangement of operation shown in Rg. 5 when both the clutch motor 30 and the assist motor 40 are 
controlled to carry out the power operation, in order to set the output torque Td of the drive shaft 22 practically equal to 
zero, it is required to make the torque Tc of the clutch motor 30 and the torque Ta of the assist motor 40 substantially 
equal in magnitude to each other and cartel each other on the drive shaft 22. The first rec^iirement is thus to set the 
5 torque comrrend value Tc* of the clutch motor 30 equal in magnitude to the torque command value Ta* of the assist 
motor 40 as giyeh below: 

|Tc*| = na*| 

10 It is also required to make the total of electric power consumed by the clutch motor 30 and the assist motor 40 less 
than the consumable electric power Wu which can be taken out of th? battery 94, The second requirement is thus to set 
the torque command value Tc* of the clutch motor 30 and the toiXjue:c^)mnrjarKJ value Ta* ot the assist motor 40 which 
can fulfill the relationship that the sum of electric power Pc consumed by the clutch motor 30 and electric power Pa con-> 
sumed by the assist motor .40 is less than the consumable electric powers 

'^':''y . ^;---V\^ > Pa +.Pc^ /; ■/ ^ ..//o- - /■■■*■:"'■ 

The electric power Pc consumed by the clutch motor 30 is ex^ 

20 ■ ' -/v V ■■■^^V^.-^' ■ Pc= (l/ksc) X |Tcl"x:{Nd-Ni^'''r;^:^.^ >v 

wherein ksc represents the. efficiency, of power operation of the clutch inrK>tcr.30~ The electric 

the assist nrK>tor 40 is expressed as; , , . f ^ ■ 

25 Pa = (1/ksa) X |Ta*|:x Nd > ; ' \ ^: , ■ : ^ 

wherein ksa represents the efificiepcy iol power o^ 

After coricluding the processing of step. S54. the program exte frcxn the routine of e^ 

ess of Fig. 12 arxJ rekirns to the controi routine shpvwi; in the f Idwcf^ Tlie raritroi. Cf^ij 

30 control proceduresi to ^^troi^^^^t^ nuitpr 30 at step S38. the assist motor 40 at ^lep S40 gasolirie ei^igine ; 

50 at step S42. The cpntrc^ processe^^ .^^pPP^ arrangemerrt of • 

operation are.sirnilar to those of; J^igs? S.and B executed in the first ariangOTerrt pf ope^^ 

of operation, however, boiti the clutdi motor 30 and tfie assist niotor 40;are cpntrollecrto imF>le^^ 

operation but the power operation in the second arrangement of operiation. The torques produced by the dutchmotor 
35 30 and the assist motor 40 in the second arrangement of operatiph are; acc^rdipgly opposite in direction to those in the 

first arrangement of operation. Note that the torque comniahd value Tc^ 

value la* ofih^^^^ 
SC;:;v^;V-:TTie:^^ 

Ih^he sec^^ 
40 attairt an effegp^i^ 
: theEFIECU 7iq^^ 

valv position^^i^ 

having the saiivB t^ 

of the rotation pf^^^^ 

45 torque produced as resistivity in the gasidline eqgine 5Q is cpnripre^!^ ]^^^ ; 

the air is ingested into tte cyfirKier-^V^^ a function of exhaust br^n^ 

may be produced by apthmting the exhauist b^^ : X - , ;W T " 

In accordance with another preferred structure, the tuel injection m^ be stopped ta of thei 

gasoline engine 50. This sfruckire also enables j^^^^ 

so shaft56. . r^:/ > ^^t :/:.^■/■.r ..'^ . 

In the second arrangement of operation, both the^^clutch nrxrtor 30 and the assist nriotpr 40 are controlled tp imple- 
ment the power operation with the electric power suppB^ from the battery 94 and therel^y ^cap^ns^^m^^ P9^^ 
stored in the battery 9^4. The power operation, pf the du^ 30 and the assist motor 40 causes the torque Tc of 

the dutch nrxrtor 30 to act on the drive shaft 22 opposite in cfirection to the torque Ta of the assist nrptor 40, 5i^^^ the 

55 torque Tc and the torque Ta are equaj to each other iri magnitude, ttie torque Tc and the torque Ta cancel each other 
on the drive shaft 22. This rnakes the pu^Dut torque Td o^ shaft 22 sutetantially (equal to zero, jtherefc>y realizing 

a free running.state-<rf.the.veh^^ - k^--- . . : / . : v^. -i;: 

Rg. 13 is a graph schematically illustrating an amount of energy converted by the dirtch nriotor 30 arid that con- 
verted by the assist motor 40 in the second arrangement of operation. The clutch motor 30 produces the torque Tc whfle 
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of the battery 94 is greater than the allowable maximurn va!ue Bmax. on the contrary, the structure o1 the first embodi- 
ment enables the vehicle to fall in the free running state while consuming the electric power of the battery 94. . 

The power output apparatus 20, of the first embociiment can go into anptheir-applicatibn given as a second embod- 
iment of the present invention. In the first embodiment, the vehicle is set into a free running state while being driven 
5 under the normal driving condition (that is, when the drive shaft 22 is rotated at a lower revolving speed than that of the 
crankshaft 56 of the gasoline engine 50). It is also possible to make the vehicle come into the.free running istate while 
being driven- under the high-speed driving condition or overdrive condition. In the overdrive state, the drive shaft 22 is 
rotated at a revblving speed higher than that of the crankshaft 56 of the gasoline engine.50. In the seconid ernbodiment, 
the vehicle is set into the free running state while being driven under the high-speed di-iving condition or oyereirive con- 
to dition. * ■■ ' ■• • ■". .-^ -.r-^' -" ■ i 'l'-"^'-- "^^j;-. -'v-^.yi r-'. 
The following describes the operation when the vehicle is driven in \he overdrive state and riins, for exairple, an 
expressway. at a high speed. By way of example, it is assurried that the gasoline engine 50 driven.by the EFIECU 70. 
rotates at a predetermined revolving speed Ne and that the drive shaft 22 rotates in the direc^on of rotation of the Crank- 
shaft 56 at a revoKfing:gc>eed Nd higher than the pre^ : ; 
15 In the same manner as the first embodiment, the control CPU ?p of th^^ 80 refer^tothe output data <^ 

residual capacity rriet^r 99 and deterniines whether the residuat ca^^adty BRM of the battery 94 is put of the a^bwable V; 
range or within the aliowfabte rarige, the control ; • 

based on theresulte..ptcleterrnihation. ... v-Vv" r ■:-:;>- ■ ^-vvVr:'. • A 4'^--^ ^'^^ fi " ' 

When the residuai capacity BRM of the battery 94 is smaller than the a^ 
20 determined to be put of the allow^We range, the power ou^^ of <?peraT^^, . ^ 

tion. In the fourth arrangement of operation, the assist motor 40 is pontrolled to ca^fy p^t the rege^ 
regenerate eiertric power via |he second circuit 92. Tflrejcjirtch motor 30 jeonb'ollie^^yb^^ f jrs^ 

91 to inplementthepower operation with part of the regenerated ele^^ Tjie readual iflecrfric 

to the battery 94 to supplement fie electric jx)^ .>.'■ \ ; >v "^Vv^^^ . -^^^ :v . - ■ v 

25 Torques applied tb the^ drive sh aridihe^ cranlcshaf^^ thepow^r qu^ut a 2Crin the iourth^^ 

ment of operation ar^ ideaiticai with t^ Efyyay of exarTiple,:it is assum^ that;tfie.c^ 

of the gasoline engine .5© is rotatied at a predetjarmiri^l^^^^^ 

of Fig. 4. while/the drive shaft 22 is rotated; iri the , sairie cSreetion def by frie c^n arrw^ §t ?a; reypt^ Nd; ■ 

which is higher than the revolving speed Ne ^Nd^fsie) ■ the .dutch^^ 
3o operation, thecrankshaft 56 

crankshaft 56 CThe driveshaft 22; on the otfier hiidLi fe^^dK^s a tqrcjue Tt pipdup^l^ r 
tion of rotation of the drwe shaft^;^. The tpn^ 
the torque Tcappliec^to^thexi^^ 

candies out thia ryegener^l^ : ^ 

35 speed Nd lower^rrthvej^^ >: 

molor 30 when^theicju^^ 

-(when thedr^^g^i^^ 
^ ;^:e^-Th0:Grank§^^ 
V ^ ^ :s^ 

40^ Tb substarttiali]^^^^^ 

that of^the torqu^T^^ 

rec^yes^a^tprqueA?]|r^ 

applied to thi^ cfriVe^^sha^^ 

t>y the assist inptix^^:^ 

45 Tc and Ta cancel eaidi other pnt^ shaft 22. TJne output torque Td of thexJrjye sfeft 22^1^ becaT)» ^1^^ 

equal to zero.> ; ' ^^;';Vv^.v^i■:;^^ ^ ■■ i;-;^ :^t-:-:-^>\ "y-^: ;^>-^Mt;v^-i^ .. v.'^" ' . ■■ ■■ 

When the residual capacity^^^ B^^ and thus ; " 

determined to be out of the aijpw^e range, OT 

ment of operation. In the fifth arrangement of operation, the dutch motor 30 is controlled to carry put the regen^ 
50 operation and regenerate ei.ecfric poyy^^ the;first c^iiying. circuit 91. The. assist.motor 40 cam 

ation with the eliectric power regenerated by the dutch motor 30 and the electric power ^ofed iii the jittery, 94^ - - j 

Torques applied; tp.ttie , drive st»aft .22 and the ct^ the power output apparatus 20 in the fifth ^rrange^ 

ment of operation areikjentiqa^ iHustrated in, F^^^ way.df example.^it is .as^ ci;^ril^haft 56 : 

of the gasoline engine 50 is^^rotated a precJ drive shaft 22^5 rqtet^l in the 

55 same directioaat a reyoiwog speed hid, is higher th^n the reyoJv (Nd>Ne), When the clutch. motor 

30 is controlled to carry out the regenerative operation, the crankshaft 56 receives a torque Tc produced 
nKrtor 30 in the directfon pf.rq^ recdyes, a torque T^ 

produced by ttie dutdi fTKJtor^^^ TTie torque Tc of ttie dutch 

30 applied to the drive shaft 22 Js a reacUp , ^ 
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Ta of the assist motor 40. Since the torque Tc and the torque Ta are equal in magnitude to each other, the torque To 
and the torque Ta cancel each other on the drive shaft 22. The output torque Td of the drive shaft 22 thus becomes sub- 
stantially equal to zero, thereby realizing a free running state of the vehicje. The residual electric power regenerated by . 
the assist motor 40 is supplied to the battery 94 to supplement the electric power of the battery 94. 

5 Fig. 17 is a graph schematically illustratir>g an amount of energy converted by the clutch motor 30 and that regen- 

erated by the assist motor 40 in the fourth arrangement of operation. When the crankshaft 56 of the gasoline engine 50 
is rotated at a revolving speed Ne and a torque Te, the energy output from the gasoline engine 50 is expressed as the 
product of the revolving speed Ne and the torque Te. The outpirt energy (NexTe) of the gasoline engine 50 corresponds 
to the energy of a region Ge as dearly ^own in Fig. 1 7. The reyoM'ng speed Nc of the clutch rnotpr 30 is expressed ajs 

10 the difference :(lstdKNe) bet^ Nd of the drive shaft 22 and the^r^plving ^je^d Ne of the^cra 

shaft 56. The torque Tc of the clutch motor 30 is equali in magpifeKle to the torque Te pff ;^e gasoline engirieSO. Energy 
converted frcffp the electric pow^^ dutch motor 30 corresponds to the energy of a regiqaGc. The revolving speed , 
of the assist motor , 4p is given as th^ of the drive shaft 22. whije th^ tbrqu assist motor 

40 Is equal in ma^.iUjde to the torque Tc of the dutch iriotqr SQ.^^T^^ energy regenerated a^ electric pqw^r by the as$is^ 

75 motor 40 thus cprresspprKis t is tiie sum of the eojerg^^^^ region Ge.prpduce^ 

the gasoline , eilgirie; 5^^^ the energy/pf the region Gc produced by the clutch mcrtor 3d: A 
region Ga thus regenera^ regipri Gc is. 

wh reas theieriergy;pf tine resid is ^^tippjied tp:§W 

operation, the energy of the region Ge output frooi^; the gaspli 50 is.dir^y the b^^ry 94. 

20 Th«-e are naturaJly c^rtei^^ the clutch motor 3b;^t^^^^ 

9l /and the secprxi drm In the Rradif;f^isState, it is rather drffic^^^^ gasp- J 

line engine 5Qcpn;esporiding.t6 j^ the jClutch motpj^M ar^ n;- : ^ 

motor 40 is relath/^ejly sarnall since som^ : : . 

Fig. 18 shows a fl6w of energy betw engine 50/the cJutch^ „ ; 

25 batt©^ 94 in theffpurth.arrangem^^t (TexNe) pf the region Ge pirpduc^ by 

line engine 50 is trarismitted to ttie^^^^d 

from the:va^ii^jpbtpr,4p to mechanical ieher^y,(Tcx^ Cic, a^ sum of the cpn^^ 

mechanical enj^gjyCTcxr^^ 

gasoline engine Satp^^^ the assist niotor 40 does not J^sniil aiTy nr?ed)gr«cal eniergy, which ha^ 

3o been transrnrtto^ 

electrical energ>r (3a. Pi^^ tf^^^ the dutch 2^; : ^ 

motor 30, whjlfi^thf i|^|fer:y^^j£^ 
the stqDpliedveleqtQpa^ '■i^^^i-'^MA /-.j^f^^.^^riyi^y^AW^^ b^^-^:':^x-:f/J/%'jiif^^^ 

Fig. 19 i^^#j(wx;har^ 
35 Chart Of Fig|/lj6l^nh^ 
S52 in the floSft^*^^ 
. , .JTKrtor3p,^n(^ 

•AV:^^^^:tn-the:fif|^^ 
40 regener^eip^atpi^ 
of the drive s*^ffe|§R^^ 
V Ta ot the assist 

The first requirergert dutch ^ : ; I 

torque coriinriand^A^kieT^^^ : r A A > p ':r:._:.t':Vy-^:y---;^ 

The electric power stored In the battery 94 compensateis part of electric power, whidi^^^ consurned by . 

the assist nruitor .40 but not covered by. the electric power regenerated by the dutch motor ,3a Tjie sp , ^ ; 

so trie power shpuki.be less than the consumable ele^ic power \Vu yvhidi can be taJoBn p^J^ pt ^}e;batteryj94^^ .The secorxi 

requirement is thus; to set the torque corrtmand value Tc* of : ; 

the assist motor 4o; which electric power obte 

power Pc regenerated by the clutch rnptpr 3.0 frpin . electric pow Pa ponsumec^ by the assist nfibtpr 40 is letss than ttie 
consumable lectric power Wu as given below:: ; - r<r \ ^ ■ ,1 

The electric power Pc regenerated by the clutch rTKrtor 30 is expressed as: . . 
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In the structure of the second embodiment, when the vehicle runs under the high-speed driving condition or over- 
drive condition (that is. when the drive shaft 22 is rotated at a revolving speed higher than that of the crankshaft 56 of 
the gasoline engine 50), the above control processes make the torque output to the fJrive shaft 22 substantially equal 
to zero, thereby realizing a free running state of the; vehicle. Urxier the high-speed driving condition, when the residual 

5 capacity BRM of the battery 94 is less than the allowable minimum value Bmin, the structure of the second embodiment 
enables the vehicle to fall In the free running state while supplementing the electric power of the battery 94. When the 
residual capacity BplM of ttie battery 94 is greater than the allowable maximum value Bmax, on the contrary, the struc- 
ture of the second embodiment enables the vehicle to fail in the free running state while consurning the electric power 
of the battery 94. . . .^1' : 

w The power output apparatus 20 of the first errtfxKfiment can go into still another application given as a third embod- 
iment of the present invention; in the f irst arKf the second embodiments; the vehicle is set into a fr^^, running state while 
being driven;under the normal drivirig, condition (that is, when the drive shaft, 22 is rotated at a lower revolving spised 
than that of the crankshaft .56- of the gaspiine; earigine 50) or while being' driven urder pe bv^rdnye cOTditio is,^^^ 
when the drive shaft 22 is rotated at a higher^ revolving speed ittian that Qfthe prapkshaft^ 50): / 

15 As a special .ca??.,it is also possible to make the Vjel^ide come Into . the^^^ the reyc^^in^^^^ 

the drive sh^22^fe' identical wjth t^ the crankshaft 56 pf the jgasbiine ^in^ 50. ; T : , : v- h V J i-iu:.^.:'v. 

The folkjwing cl^spribes^^^^^^^^ in this spedal; case; ,By way p^^^ it is assumed that th^, gasplihe J. 

engine 50 driyen;b>^a^e EFIEC^ re>«5l\H^g:sji^ 

in the direction pfrptatipn of the crartehaft 56 a^ revolving ispeed Nfd approxinriately eqwa.i to tf}e j?re^ ; 
20 ing speed Ne^(Nd«Ne>. .-. ^; : ■ . . " , _ , . . -.^ ; . . . - . ^ . ^ ^-y- ■ . r;.' . .' ; ' • ] ' - \ J . I 

In the same manner as the first and the se^^ 

output ctetai€(ftfierjesiduarcapaaty^ determines whe^ tett^ry-^- i^ 

less than the ailowable'minimum value Bmin or greater than the aliowabie maximurh value Bnriax to be out of Itie allow- ' ; 

able range or alterriativeiy not less than the allowable minimum value Efmin and not greater thaui the allp^ 
25 value Bmax tobeWitiiin^heralipwa^ r^rige, .^--vy;.^ ■ _ ■.^^:-y-:;;V;^-.v ^.^V/ 'iri^^^'^^'l - ^i-^^o 

When tha residuai capacity Bf=lM of ,m Is snt>a]Oier tiian^m^ th^ 

determined to b^ oiit of the allowaWe range^ 

In the sixth arrangement of o^eratioh; the control CR^^ 

crankshaft 56,integrali>ywU1 the,<^ 
30 rotor 34 in the cluteh mo^ f ixingltie^c^nteh^ ek;h other^ 

hereinafter ref^ri^;i^ 

to generate i^^crt a^Sfp^ 

with the cranksha^ at-an :ld^i^!(,i^^ 

to enable the assist motor 40 to c^rry but the regenerative bperaii^o^^ electric.pf^^^ seppi^^d^W^^^^^^ 

35 ir>g circuit 92^JJJe^dpkrc^ 
electric pow^r.c 
nfKrtpr SO: 

■";;;sixlh- arran^^^^^^^^lBgft^^ 
40 ■ rotated at an klferr^ 
: 56 receives ;a;tpi3pgg^ 
■ 'assist^ ni»crt6r 
■■"by th assist ;m^r^"ir^^ 

up state, the c^iiks^^ v 5 ^ ' 

45 of the crankshaft 5^ and th^^ ®R9?R®^ >S:pi:^po$^ to ; ;^ ; ; > -^^ 

the torque 7a prpducedk^t^ Provided ^at .the^ nfiagmti^ withihai^t^ 

torque Ta. the torques Te and ta caricel e^c other on the drive; shaft 22. % bf ttie drive shrift 22 th^ 

becomes subs^rrtiaUy equal to zei^ / . 

When th^ residua!, cap^ arid thMs ; ■ ; 

so determined to be.jOui, 

arrar^ement pf ^pperatipn. In the s^erith arrahgemerrt of cpntrpl CPU 9^^ of the contirpll^ cphtrbis the 

first driving drc^ift^1;to Ipck^^^ l)>e jelie(^ 

clutch motor 30 is sq^ cpntrpj.pRU 00 Sfijo enablp . • 

the assist motor 4p/to ca^ : 
55 and the fifth arrangernerTts of ppera^on des^iribed, above, the cprifrol CPU W se^ ari instiTLictip EFIECU 70. 

which then con[lrols .the,gasi>l^^^ 

sevaith arrangerrienl p1.pp rati^^^^ yyith anpther prefen:ed structure, the fuel Jnje^^^ niay be .|stbpped to 

cease the operation of the gasoline engine so/ . ? : v / ^ 
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In the power output apparatus 20A of Fig.. 25. the.clutch motor SOA arKJ the assist motor 40A are integrally joined 
with each other, which short^ns the length of the power output apparatus 20A along the drive shaft 22. The outer rotor 
32A functions concurrerrtly as orie of the rotors in the clutch motor SQA ancJ as the rotor of the assist motor 40A. thereby 
effectively reducing the size and weight of the whole power output apparatus 20A. 

5 The modified structure that the outer rotor 32A worKs as one of the rotors in the clutch motor 3pA arxJ as the rotor 

of the assist motor 40A causes the clutch motor 30A and the assist motor 40A to magnetically Interfere with each other 
and thereby have adverse effects on.each other In order to prevent the large rnagnetic interference, the outer rotor 32 A 
may be constructed as a double-cylinder strueturjB including two concentric cylinders. One of the cylinders is assigned 
to the rotor of the clutch motor 30A, and the otfier to the rotor of the assist motor 4QA. The two cylinders apart from each 

w other by a predetermined distance are connected to the drive shaft 22. A magnetic shielding member for blocking the 
magnetic lines.of force is also.effectiye fprpreyenting^^to^^ 

Although the assist nriptor 40 is attached; to ttie drive shaft 22 in the power output apparatus 20 of Fig. 1 . an assist 
motor 40B may be attached to the crarikshatl SS of the gasplirie engine 50 like another power output apparatus 20B 

shown in Fig,. 26,^^.yr.'< ;.-.-;-vv..^^:,.m^\ ''■■.h ,y-\ rj--y:<\'- : ■ -j."^- ■^:}x-^^r^^-^:: ..^""^iy -"^ 'V""'-'- 

15 The power output apparatus 2GB of FigV 26 has a similar structure to that of the power output apparatus 20 of Fig. 

1 , except that the,assist,nx>tor 40B is attached Jo the Frf.aceci tjetween the.gaspline engirie 50 and at clutdfi 

motor 30B. In, the power .outpi4; apparatus 20&^^c^^^^ as those of tfie 20 pr^ 

Fig. 1 are shown by like numerals or syrribqte.and^ a TTie syrr*^ used in the above desqriptiph ; 

have like meanings unjess qtherwise^sp€fcified .rv-.i-vi-'^^-i-i- .^-v>^-'\" :.yvi;^;i>:"w^-;:';--V:^;vV-^:':"o ' 

20 The following. describes operation of tfie pqw apparatus 2GB shpWnJn Rg; 26. .By way of example, it is 

assumed that thegasoline engine :$O Js:d|rJyen W^^ Ne. When a torque ja is added; ; . 

to the crankshaft 5^ by the asast motor^ 4^^^ with the crantesha^ 5^i th)e 

acts on the crankshaft 56. When;ti^ to the sum of the 

torques (Te+Ta); the tongue Jc (=TeThTa) is. eventually t^^ to the drive shaft 22. : > - ; 

25 When the vehicle^ is driven in a nprncial j^iying s^^ thait is, when the reyplyirig speed Nd of. the drive shaft :22 is' V ■ 
lower than the revplving^speedrNevOf t^^^ 

based on the rewjving speed difference Nc between t^^ ^e the g^^ 

speed Nd of ti^e^doye si^ Is supplied to the 4Qg via the first -a^ the seoond 

driving drcuits 9^1 iarxJ to activcrte^he: ass^ tfie iorquf&:la of the assist 40B: is set tb - 

30 a value, which eriabieSi^ie ass^ 

energy regenierated by the clutch motor 3GB. fre^^ allowed few: thd energy ot^ut from the gasolinie 

engine 50 wittiin a rmge hoWingV^ b^ow. .^nc^^^t^ of Equation (5) rejp^ ; 

resents the idea]; statewith 

5,.- ■:^:.Wheii.th^3y^ig^^]^^ 
; y >■■. driveshart 2i2ifehigi^i^^^ 
> - a rwrni^iVixn^^ 
^ 40 outer futor 32J: ProN^ecllh^fe^ 
V motor 40B tafeg^peraie 
motor 30B^fre^1tpn3M 

ing theTelatioriship-oiEqua^ ^10<.^'^J:-^^)jM 

The power iwitput a^jpara^ set *i(B >fehic|^ in; a^ree^/^ ais :^ 

45 described'below.--:^;^:-:--^' ' - ^.^ /••//:^-\..>\..:-V.--t^'^-^v;- : ■:■ ■ ■ - J y ]. '■ 

By way of example, it is assurned.that ttie^ aia priedet^rnined ' : 

revolving speed Ne. while the drive shaft 22 is rotated in the direction of rotation of the crankshaft 56 at a predetermined 
revolving speed Nd. The. revolving speed Nd of the drive shaft 22 may tae smaller than (corresponding to. t^ 
driving state), greater than (corresporKJing to the high-speed;^ Ne of tiie 

so crankshaft- 56..:^ --n:-^----:?,^:; -viv^ji-i-'-o-^Arv . yy;''^^::-^- ^.^u::;^^^^^^ \ '-: ^: H:>^;^y^I^VH-::^v 

In the sarn^ rnanner as tfiefirj^ above, the.pontrd CPU 90 of the control- 

ler 80 of the power output apparatus 20B refers :tp the putpirt ^tg^ p^^^ ar>d deterrT}ir]bes 

whether the residual capacity BBM of .the t>attery 94:is less than the allowable mihinrtum yalue.Bhiiapr greater tt^ tfie ^ 
allowable maxinrttim. value Bmax to be put of the altowaWe fan^ less than (the allowtf^^ 

55 value Bmin and rK)t greater ttian the allow 

When the residual, capacity BFiM of the bjattery. 94 ^ is srnaller than , the alkwalble rninimum values Brnin and thus 
det rnraned to t>e put of the alkawabie rarige, 1he:CorTtrol CP 90 controls, th^iirst dri^^ circuit 91 to pr^ent an electric 
current from f towing through the three-phase coils 36 of the clutch nrrator 3QB. Thjs substantially disconnects the elec- 
tromagnetic coupling of the outer rotor 32 with;ttie inner rotor 34 in the clutch rnpior 308. The drive shaft 22. k thus corn- 
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mounted thereon. In this structure, the outer rotor 32D of the clutch motor 300 also works as a rotor of the assist rnotor 
40D. 

In the power output apparatus 20D, the voltage applied tp the three-phase coils 36 on the inner rotor 34 is controlled 
against the inner-surface magnetic pole of the pennaient magnets 35D set on the outer rotor 32D. This allows the 
5 clutch motor 30D to work in the same manner as the clutch rnotor 30B of ^the power output apparatus 20B shown in Fig. 
26. The voltage applied to the three-phase .coils:44 on the statbr 43 is controlled against the outer-surface rnagnetic , 
pole of the permanent niagnets 35D set on the outer rotor ^ 

manner as the assist motor 40B of the power output apparatus 208. The control procedures of the first through the third 
embodiments discussied above are also applicable to the power output apparatus 200 shown in Fig. 30, which accord- 

10 ingly exerts the same effects as those of the power output apparatus 20B shown in Rg. 26. 

Uke the power output apparatus 20A of Rg. 25,.in the p>ower output apparatus 200 of f=^ig-.3p.,the clutch motor 30D 
and the assist motor 400 are integrally joined with each other, which shorterTS the length of the power output apparatus • 
200 along the drive shaft 22. The out6r rotor 32D functions concurrently as one of the rotors in the clutch motor 300 
and as the rotor of the assist motor 40 D, thereby effectively reducing the size and weight of the whole power output 

15 apparatus 200: 

In all the structures of Rgs. 1 , 25, 26. 29, and 30, the power output apparatus indudes the assistmotor 40 as well . 
as the dutch motor 3Q. The fre^ running^state of the vehicle may, however, be realized iDy the structure of Rg. 1 without ; 
the assist ihotor 40. In this modrfjed slructure Without the assist motor 40. when no electric current is made to flow 
through the three-phase coils 36 of the clutch motor 30, the electron^gnetic coupling of the outer rotor 3? with the, inner / 

20 rotor 34 is substantially disconnected in the clutch motor 30, The drive shaft 22 is thus completely disconnected ancf 
free from the. crankshaft 56. The chrtch nrK>tpr 30 according^^^ not apply any torque to the drive shaft 22. This 
makes the o^ptput t^ running ^fete of 1h 

vehicle. In this case, the gasoline, engirie 50 rria pnyidle. ^ . J v , 'A-.m'''>'-j^ 

In the enr^iodinients discussed above, wheri the jesid^^ BRM of the battery 94.is;with^^^ 

25 range, the power output ap)3aratus is set into the third arrangerhent qf operation, in which both the qlutch nio sip^ji 
the assist motor 40 are controlled to stop operation and the battery 94 is kept in the current state without any supple- 
ment or consjLm^plb'on electric, powyer. As long as. the resiicjual capacity BRM of the batte^^^ : 
able range, ttte^lutch rnotor 30 or the assist n>otor 40 may be controlled to imple^e^^ 

regenerative operation to consume or suppliement the electric power of the battery 94. In the secorid. fifth, or seveiritifi : " 
30 arrangement:pfi;oper^on»^t^ 50 isconti^lf^ 

such as a medfianic^l|^ ; fe: -C 

In the atxive embbdirnente, ho auxiliary machines (for example, a cooling a pump, a power steering punp, arid a 
conrpressor |p^.ar^^aii^;p^^ 

drive shaft 22! VVrtieri any torqueiDrc^ machine is attached to fte^ cranHsl}^^ 
35 to control the gasoline engine 50, the clutch motor 30, and the assist rribtor 40 by taking into account the torques 
applied from th^^ueH^E^ 
. ■ -puttp.the;drivesha^ 

: A ■:: ■ i^' :X "^\'ln We aboye^err^^ .pdwer^i^^ 
;;cJ:vSirii6lhe^^^ 
; 40 "tery 94 txit is c»nsumed^^^ 

facilities) nrx)untfe^.|h^^^^^ 

partly storedanto]^^^ 

embpdinrients xftscussed^ a^ 

tion wm either or bGlh of the elec^^ supplied from the battery 94 and the <Blectric power regenerated t)y fiie^'b^ 

45 motor Electric power generateKi b^ however^ te usj^ / 

In the above efT*>bdimerite, the oiiter rotor 3^j of the clutch motor 30 is directly linked with the crarikshaift 56, ttie ; 
inner rotor 34 of the clutch rnotor 30 with the drive shaft 22. and the rotor 42 of tine assist motor 40 with eit^ 
shaft 22 or the crankshaft 56. The connection may, however, be attained via arty coupling means, such as a gear or a 

so The gasoline engirie 50 driven by means of gasoline is used as the engine in the above emixxiiments. the principle . 
of the invention is. however, applicable to other internal combustion engines and external combustion engines, such as 
Diesel en^nes. turbine erifgines. iandj^ : ; , v : / m-^v 6:/ : :< ;i v ^ O 

Permanent magnet (PM)-type synchronous nxitors are used for the dutch motor 30 and the assist motor 40 in the 
power output apparati^es desCTil]^ (VR)-type sync^rpnous irotp^^ 

55 vernier rrwtors. d.c. motors. irKluction rrratbrs. and siperconducting motors may be used for both the regenerative oper- 
ation arxi power op^ation, while stepping motors are applicable only lor the power bperation. 

In the above, enrt)Odinriente cfi^^ above, the out«^ rotor 32 of the clutch motor 30 is linked with the piante , 
56, whereas ttie inner rotor 34 is connected to the clrive shaft 22. Alternatively, the outer rotor 32 may be linked with the 
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5. A power output apparatus in accordanee with claim 2, wherein said third rotor is mounted on said second rotor con- 
nected with said drive shaft. 

6. A power output apparatus in accordance with daim 1, said power putpiit apparatus further comprising: 

storage means for storing electric power; and wherein 

said control means comprises means for controlling said first motor-driving rneans; to supply the electric power 
stored in said storage means to said first motor in order to activate said first motor, and controlling said second 
JO motor-driving means to supply the electric power stored in said storage means to said second motor in order 

to activate said, second motor. 

7. A power output apparatus in accordance with daim 6. said power output apparatus further comprising: 

15 residual capacity measuring means for measuring a residual capacity of electric power stored in said storage 

means; and . 

means for enabling said control means to carry out said control of said first arwi second rtiotor-driving nrieans 
when the residual capacity rneasure^f by^^ said residual capacity measuring means is gr^^^ predeter-. 
20 mined value. 

8. A power outpijrt ap>paratus in accordance with daim 6»;wherein said third rdtpr is mounted on said second rotprcon- : 
nected with said drive shaft. 

25 9. A power output apparatus in accordance with daim 1. wherein V ^ '-^ -i ■ > ■ V ^ 

said control means comprises mearis.fpr controlling said secofKl nrxjtpr-Hdrivirig, ni^ans. to .enable said second 
rrxrtor to regenerate electric power, and controlling said firist motor-driving means to supply the regenerated 
electric power to saki first nrxrtor in order to adiyate said first motor-.^ 

10. A power output apparatus in accordance with daim $; said power putp^l ap^ 

storage means for storing eledric power; and wfierein 

35 said.c^ntrpl iirieans;fo comprises: means for ;|5toring^^^a^ least part of the. rege^eratedjeiedriC:?^ 

storage means^'.' - ' [ ' ■ . ■■/ ■ /3^>fX-ifV%Q^^^=gt^ 

Mf - :ii : ;A;pcw^!^oi^:^ 

\ ' ■"■ 

40 residuail capatcfty riieasm nieasurir^iai resfcluai capad^^^ diVeleiitric poWer stori^ in si^d^ ' 

" - : \ means;rancl^;^j^:^. >;::;y.-.^'^^-.r ' -^V-r. >:'V^->''i>> ':^}i^^^tj>-^>^ejt^^>^ ---i:;;^\ri^;?^v'^■"^,v*HV■>^ 

means for enabling said control means to carry out said control of said first and second motor^driving means 
when the reskJual capacity rneasured by: said residual capadty n^asuring mearis is less.than a predetermined 

45 value,,..;..;.., - h' ^ . ^ ' -^V ^ J^O-:'- ' -C- /• f : - ^ - > --V/^; 'H, " / i ' 

12. A power output apparatus in accordance with daim 9, wherein said tiiird rotor is mounted on said second rotor con- 
nected with said drive shaft '. 

50 1 3. A power output apparatus in accordance with daim 1, jSfaid power output apparatus further comprising: > 
storage means for storing eledric power; and wherein 

said control means comprises means for controlling said first motor-driving means to enable said first motor to 
55 regenerate electric power, and controlling said second motor-driving means to supply th^ rageriecated ele^ 

power and th electric power stored in said storage means to said second motor in order to activate said sec- 
ond rrXJtOr ; - ^ ,-r: -J,;- / v-:. =. ^ ; ..-^i-;; ^ .-. '■ ? /--^^^ - - .^i '^'^'V^- '..-^^^'^'r ■ 

14. A power output apparatus in accordance wrt^ : 
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said output shaft of said engine and said drive shaft via the electromagnetic coupling of said first and second 
rotors; > 

first motor-driving means for exchanging electric currents with said first motor to vary the electromagnetic cou- 
5 pling of said first rotor with said second rotor; 

a second motor comprising a stator and a third rotor connected with said drive shaft, said stator being electro- 
rriagnetically coupled with said third rotor; 

10 second motor-driving means for exchanging electric currents with said second motor to vary the electromag- 

netic coupling of said stator with said third rotor; 

storage rneans fpr storing electric power 

75 control rrieans for contrpilihg,^ eiectromagheticaliy lock up sakJ f ir^ rbtor rela- 

tive to said second rotor of saiid first ntotbr arid thereby allow said output shaft bf said engine to rotate with said 
drive shaft in a substantially integral manner, and controlling said secorid motor^riving means to supply the 
electric power Sftpred in said storage mearis to said second motor in order to activate said seconcJ motor and 
thereby ma>^^ said secorid rrK>tor,ajpply a torqu^ . v , J il-^, :r'^p}_ 

20 -■ ' . ■ .' : ■ ' , . _ . ' '"'---'i' i ■ .' ' ; ■. ■ -■ '■ ^ 

21. A power pujt>ut;apparatus in accordance w i^ rnounted on said second rotor 
connected with said drive shaft . v ; ;; . f = ;. ^ 

22. A power output apparatus for outputting power to a drive shaft, said poyver outptrt apparatus comprising: 

an engine having an output shaft; 

a first motor comprising a first rotor connected with said output shaft of said engine and a second rotor con- 
nected, with said drive shaft, said.secorid rotor to sakJ first rotor, said first; 
30 and second rptor^ beirtg^^^e^^^ each other, wber^y transmitliKi between^ 
said oiJtput shaft bf said shaft via the ele^ and secprid 
rotors; ' - ' f^' :v 

first motcff-drivir)g rneans fpc e^chan cpu- 
35 pling of said first rotor with said second rotor; * ^ 




■ 40 v :-^^;:"t;V, ; vsecpnd; 
V netic 



cc^ptroeans 

coifl^iing of saki firsi rotor with^ s^ rotor in said first rnbtpr; a^ contrpjlipg.sa^ secprid rnqtW 

45 means to eriaWe said second motor to regenerate electric power 

23. A power output apparatus in accordance with claim 22. said power ou^jut apiparatus further con^ri^'ng; 

storage means for storing electric power; and wherein 



so 



55 



said control rneans further pornprises rneans for storing at least part of the regenerated electric pwer into said 
■ storage means,:,:.,- ^'-^Sh-n^ .wu^^W--^ ir:y^^ -V-Av/::;::'-- .■.:^^'^;'v->r ] L;.^ 

24. A power output apparatus in accordance wifti .da^ 

residual capacity measuring means for measuring a residual capacity of electric power stored in said storage 
means; ancj';, a ,vv:.-. •r.y-..-. . y. , ^. -..-^ -- -^^t'.: ^a'-: > ■^ 'W-^:--: ■ ^w. v v^:: 



ic cpiflp^lir^; bf sa^ ,^v\--vr'--; -^v' v;.-; 
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driving conditidn detecting means for detecting a driving condition of said transportation system; and 

control rneans for, when the driving condition detected by s^^^ idriving cordition detecting rng^ns represents a 
predetermined state, controlling said engine, said first orator, and said second motor tp nriaike a torque output 
£ to said drive shaft approxinnately equal to zera 

30. A power output apparatus for outputting mechanical, energy as^l^^ to a drive shaft, said power output apparatus 

comprisirig:,. \ .r'.. --^ ^ ■ ; • / --^'-i ' ."'■;:^:n ■■ 

10 an engine connected with a rotating shaft; 

a first motor connected with said rotating shaft; and 
a second tnoXor connected with said drive shaft; 

wherein said engine produces mechanical energy arxJ transmits the mechanic^^ 

20 said first riiotor converts part of the mechanical energy transmitted via said; rptatir>g shaft to electricaj energy 

while transmits the residual mechanical energy to sa^^^ 

said second motor converts the mechanical energy transniitted from said first motor to el ectricaf energy without 
transmitting any mechanical energy to said drive shaft. ■ ^ ^ _ • , ■ . . ; ; v .- r \ , 

31. A power output apparatus in accordance with daim 30, said po^ 

storage nn^ns for storing at least part of the electrical energy corivertaJ from the mechariical ene^^ 

30 32, A power output apparatus for outputting mjechanicaJ energy as power to^^ a drive shaft,; said 

comprisir>g:;;.i.,' ^■wiJ>:»v^^ii^v'v^A^=r^^^^ ^r--^^ ' -^'-'^ -V-: a!;^/ 

an engine connected with a rotating shaft; 
55 a first nibtCM' connected witksakJ rrt^ ' ' ■ ^ 

1 a secondrndtp^ ' ' 

: V."'- -' trarisrrttte<lf^^ 

45 sakd seccfid rnptOT: qoiw 

transmHs ttie mechanical energy to said fire^^ 

shaft; and -•: - ■ i.-. . ^rv-'-v- ,•- -^^i-'^^j-- ^^^^ii^'^'^:'::>^'^> ^ i^hi'^y.^^- ■: rVv*-^'-:'-' :-v= -^-u'^?- ^-'^ •• '■ '■■ .•••■-.*•.'.,"" 




£0 



said engine converts the mechanical energy transmitted via said rotating shaft to another form of energy. 

33. A power output apparatus for outputting mechanical energy as power to a drive shaft, said power output apparatois 
comprising: u^v. ... ..vv-..--. ^*v,vr.>^^. -^^j^-- ^^•t^'-^.Kr- .,r<^nh \S/;>m>.v^-^-v ^^^r ■■^[ ■'.^^■<^<^r^'^i ' . ;^-v ^r^r^K^- > 

an engine connected with a rotating shaft; , - - ^ . ^ v r 

55 . " . 

a first rrxjtor connected with said rotating shaft; and ; , . > ^ 

a second motor connected with said drive shaft; ; 
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(b-3) storing at least part of the regenerated electric power into said storage means. 
38. A method in accordance with claim 36. wherein 
5 said step (a) comprises the step of providing storage means for storirig electric power; and 

said step (b) comprises the steps of : 

(b-1) supplying the electric power stored in said storage means to said first motor in order to activate said first 
10 motor; and 

(b'2) supplying the electric power stored in said storaige means to said second motor in order to activate said 
second motor _ ... ^ -^ . .^^j^r: • ■ :-U ^ ^.v:vl.^ • .a.. • 

15 39. A rnethod in accordance with claim 

said step (a^ comprises the step bf providing storage means for storing electric power; and 



said step (b) compriis^ the steps tif:,y V ; >^^ 
HTiSlmolofefeir^ 



20 

(b-1) enabling said secdSriBl^ 
(b-2) supplying the regenerated electric power to said firsi motor in order to activate said first motor; and 
25 (b-3) storing at Ifeast part of the regenerated electric power into said storage rriearis. \ \ 

40. A rnethod in accordance with claim 36. vtfhereip: 



30 



said step (b) comipxises the stepabf: ^ v 'y'^if^y'^:^-j-f^^ 
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v(40), arxl a coirrtrotler (80) for controH^ 

nrKrtor (30) and itbe assist m 

(30) includes an outer rotor (32) linked vinth a crante^ 
(56) of a gaisoline engine (50) and an inner rotor (34) 
connecting with a drive shaft (22). The assist motor (40). 
irKludes a rotor (42) connecting with the drive shaft 
(22). When the residual capacity of a battery (94) is less 
than an allowable minimum value, a control CPU (90) of 
the controller (80) controls a first driving circuit (91) to 
enalDle the clutch motor (30) to carry out the power 
operation and apply a firist torque to the drive shaft (22) 
in the direction of rotation of the drive .shaft (22). The 
control CPU (90) concurrently controls a second driving 
circuit (92) to enable the assist rnotor (40) k>^ c^^ 
the regenerative operation arxJ apply a second torque to 
the drive shaft (22) in the reverse of the rotation of the 
drive shaft (22): The second torqu . is siA^lantially 
equal in magnitude but opposite in direction to the first 
torque- The electric power regenerated by the assist 
motor (40) is supplied to the battery (94) to supplemerrt 



the eieclric power of ifte battery (94). TTie piSiver 
apparatusfG^ cap^ thus 

tdrque output to the drivers 
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